A light-addressable potentiometric (silicon) sensor was used in an immunofiltration procedure for the detection of pathogenic bacteria. Yersinia pestis was detected by filtering the celis onto nitrocellulose membranes and then filtering anti-Y. pestis mouse monoclonal antibody and anti-mouse immunoglobulin G-horseradish peroxidase conjugate. For Neisseria meningitidis detection, mouse monoclonal antibody to the major outer membrane protein of this bacterium was coupled directly to horseradish peroxidase. N. meningitidis cell suspensions were filtered onto polycarbonate membranes, and the enzyme conjugate was allowed to react with the filtered bacteria. The presence of both enzyme conjugates was determined potentiometrically with the silicon sensor. The sensitivity of this technique relative to that of an enzyme-linked immunosorbent assay for N. meningitidis was determined. Fewer than 1,000 bacterial cells could be detected with the silicon sensor in a 20-min assay, whereas a 2.5-h enzyme-linked immunosorbent assay with the same antigen and antibody preparations was significantly less sensitive.
A light-addressable potentiometric sensor able to detect changes in pH or redox potential has recently been described ( Fig. 1) (3) . The detecting component of this sensor is insulated silicon which contains no on-chip circuitry and is impervious to biological fluids. Electrical signals are generated by directing beams of light onto the surface of the silicon chip. The photoresponse of the silicon chip is "spatially selectable" in that light beams directed to different locations on the chip surface may be used to assay a number of biochemical events occurring simultaneously. In order to detect redox changes, such as those due to enzymatic activity in the solution in contact with the silicon insulator, thin (500-nm) gold "spots" on the insulator surface are positioned under the solution in which the redox change is occurring. The electrical potential of the gold is determined by the redox potential of the solution with which it is in contact. An inorganic redox pair, such as ferricyanide and ferrocyanide ions, sets the potential of the solution and mediates the transfer of electrons from an enzyme substrate to the gold. Changes in the gold layer potential in turn are monitored by their influence on field effects in the silicon (3) .
This semiconductor technology may be used as the detec- Detection of pathogens in the silicon sensor. The membrane dipsticks used in the immunofiltration procedure were placed in the silicon sensor reading chamber for enzyme rate determination (Fig. 1) greater than that of the negative controls. These included the suspensions with fewest cells (4,000), which produced a mean kinetic rate of -44 p.V/s. The mean kinetic rates of the samples containing the fewest cells and the negative controls were determined to be significantly different with a twotailed t test (P = 0.02).
Comparison of N. meningitidis assays. The N. meningitidis sensor-based assay also distinguished between its negative controls (mean kinetic rate, -68 p.V/s) and all suspensions containing cells (Table 1 ). The membranes with 800 cells adsorbed and labeled with a specific antibody-HRP conjugate produced a mean kinetic rate of -127 ,uV/s, which was statistically different from that of the negative control (n = 5, P = 0.0002). The membranes with other bacteria adsorbed (N. meningitidis ATCC 13090 and N. gonorrhoeae CDC 98) did not demonstrate enzymatic rates different from those of the negative controls (-65 and -68 p.V/s, respectively). These results were consistent with expectations; according to the suppliers, the monoclonal antibody used in this assay was specific for N. meningitidis serogroup A.
In contrast to the number of cells detectable by the sensor-based assay, the lowest number of N. ineningitidis cells detectable by ELISA was 60,000, despite the fact that this assay used the same original cell suspension and antibody conjugate solution (Fig. 2) The assays described in this report were conducted under somewhat ideal conditions free of body fluids, environmental contaminants, etc. However, the purpose of these studies was to demonstrate that a sensor-based microbial antigen detection system could compare favorably with an existing rapid method (e.g., an ELISA) and that the potential for practical applications exists.
